Introduction
The paper is devoted to safety evaluation of the port oil piping transportation system and the maritime ferry technical system operating respectively at under water Baltic Sea area and Gdynia Port area. In this evaluations, the variable in time climate-weather conditions may have destructive impact on the considered systems safety. The methods applied are described in [6] .
Safety of port oil piping transportation system Port oil piping transportation system description
The port oil piping transportation system consists of three subsystems S1, S2 and S3. To simplicity our consideration, only safety of the subsystem S1 will be analyzed. The subsystem S1 is composed of two identical pipelines, each composed of 176 pipe segments of length 12m and two valves. Its underwater part is presented in Figure 1 .
Safety of piping subsystem without consideration climate-weather impact
The following safety states of piping transportation system are distinguished: a safety state 2 -piping operation is fully safe, a safety state 1 -piping operation is less safe and more dangerous because of the possibility of environment pollution, a safety state 0 -piping is destroyed. The intensities of the departure from the safety states subset {1,2}, {2}, for components of the subsystem S1 without of the climate-weather impact on their safety are as follows: Taking into account the subsystem S1 is a three-state series-parallel system, its safety function without consideration climate-weather impact is given by:
(t,1), S
where in particular
Climate-weather change process at underwater piping subsystem operating area
Taking into account the experts opinions, there are 2 parameters that describe the climate-weather states for subsystem S1 operating area: -w1 -the wave height measured in meters, -w2 -the wind speed measured in meters per second.
Fig. 1 The underwater part of the port oil piping transportation subsystem S1
We distinguish the following w = 6 climate-weather states: The climate-weather statistical data from all measurement points marked in Figure 2 are analyzed in [2] :  the climate-weather change semi-Markov process C(t) is defined,  the following climate-weather change process parameters are identified: a) the vector of the initial probabilities qb(0), b = 1,2,…,6, of the climateweather change process staying at the particular state cb at the moment t = 0, b) the matrix of the probabilities qbl, b, l = 1,2,…,6, , l b  of the climateweather change process transitions from the climate-weather state cb into the climate-weather state cl, c) the matrix of the distribution functions Cbl(t), b,l = 1,2,…,6, b  l, of the conditional sojourn times Cbl of the climate-weather change process at the climate-weather states,  the climate-weather change process C(t) limit transient probabilities at the climate-weather states cb, b = 1,..,6, are evaluated by:
Safety of piping subsystem S1 with consideration climate-weather impact
Taking into account the experts opinions, the conditions at the climate-weather state c6 of the climate-weather change process at the underwater subsystem S1 operating area has a destructive influence on the safety of the components:
E and doesn't have impact on remaining components. The ranges of this impact on the subsystem S1 components intensities of ageing at particular climate-weather states cb, b = 1,2,…,6, for u = 1, 2, are as follows:
After using (8)-(9) from [6] , conditional safety functions of the subsystem S1 components related to the climate-weather influence are given by:
Hence, the subsystem S1 three-state conditional safety function related to the climate-weather change process impact is as follows:
Next, according to (14) from [6] , the unconditional safety function of the subsystem S1 operating at the underwater area, is given by
(t,1), S''
and qb, b =1,..,6, are the climate-weather change process C(t) limit transient probabilities at the state cb, b = 1,..,6, at the subsystem S1 operating at the underwater area, given by (1) . The safety function of the considered subsystem operating at the fixed area is presented in Figure 2 .
Fig. 2 The graph of the piping subsystem operating at the underwater area safety function coordinates
The expected values and standard deviations lifetimes of the piping subsystem operating at the underwater area in the safety state subsets calculated from the 
The graphs of the intensities of ageing of the maritime ferry system with consideration climate-weather impact calculated using (21)-(22) from [6] are shown in Figure 3 and the graphs of the coefficients of the climate-weather impact on the maritime ferry system calculated using (23)-(24) from [6] are shown in Figure 4 . Fig. 3 The graphs of the intensities of ageing of the subsystem S1 Fig. 4 Coefficients of the climate-weather impact on the subsystem S1
The coefficient of the climate-weather impact on the subsystem S1 without considering variability in time, according to (26) from [6] , is equal to:
ρ''(u) = µ(u)/µ''(u), u =1,2, where in particular ρ''(1) =1.0001, ρ''(2) = 1.0001.
(11) Finally, the coefficient of the climate-weather resilience of the subsystem S1 without considering variability in time, according to (27) from [6] , is equal to:
RI''(u) = 1/ρ''(u), u =1,2, where in particular RI''(1) = 99.99%, RI''(2) = 99.99%.
(12)
Safety of maritime ferry technical system Maritime ferry technical system description
The maritime ferry technical system is composed of subsystems S1, S2, …, S5, presented in Figure 5 . Fig. 5 The scheme of the ferry technical system structure
Safety of maritime ferry system without consideration climate-weather impact
The following safety states of maritime ferry system are distinguished:  a safety state 4 -the ferry operation is fully safe,  a safety state 3 -the ferry operation is less safe and more dangerous because of the possibility of environment pollution,  a safety state 2 -the ferry operation is less safe and more dangerous because of the possibility of environment pollution and causing small accidents,  a safety state 1 -the ferry operation is much less safe and much more dangerous because of the possibility of serious environment pollution and causing extensive accidents,  a safety state 0 -the ferry technical system is destroyed. 
Climate-weather change process for maritime ferry operating at Gdynia Port area
Taking into account the experts opinions, there are 2 parameters that describe the climate-weather states for maritime ferry operating at Gdynia Port area: -w1 -the wind speed measured in meters per second, -w2 -the wind direction measured in azimuth degrees. We distinguish the following w = 6 climate-weather states: According to expert opinions, climate-weather states c2 and c6 have the most dangerous influence on the maritime ferry technical system safety.
Fig. 6 Maritime ferry route between Karlskrona and Gdynia ports
The climate-weather statistical data from the first measurement point marked in Figure 6 is analyzed in [2] :  the climate-weather change semi-Markov process C(t) is defined,  the following climate-weather change process parameters are identified: a) the vector of the initial probabilities qb(0), b = 1,2,…,6, of the climateweather change process staying at the particular state cb at the moment t = 0, b) the matrix of the probabilities qbl, b, l = 1,2,…,6, , l b  of the climateweather change process transitions from the climate-weather state cb into the climate-weather state cl, c) the matrix of the distribution functions Cbl(t), b,l = 1,2,…,6, b  l, of the conditional sojourn times Cbl of the climate-weather change process at the climate-weather states,  the climate-weather change process C(t) limit transient probabilities at the climate-weather states cb, b = 1,..,6, are evaluated by:
Safety of maritime ferry system with consideration climate-weather impact
Taking into account the experts opinions, the conditions at climate-weather states c2, c6 of the climate-weather change process at the maritime ferry operating area in Gdynia Port has a destructive influence on the safety of the ferry technical subsystem S1, S2 and doesn't have impact on subsystem S3, S4 and S5 safety. The ranges of this impact on the ferry components intensities of ageing at particular climate-weather states cb, b = 1,2,…,6, for u = 1,…,4, are as follows:
and remaining
Finally, the maritime ferry five-state conditional safety function related to the climate-weather change process influence at the fixed operating area is given as follows (it is calculated in [3] ):
where in particular 
According to (14) from [6] , the unconditional safety function of the ferry technical system operating at the fixed area, is given by
where qb, b =1,..,6, are the climate-weather change process C(t) limit transient probabilities at the state cb, b = 1,..,6, at the Gdynia Port area, given by (14). The safety function of the ferry five-state technical system operating at the Gdynia Port area is presented in Figure 7 .
Fig. 7 The graph of the ferry technical system operating at the Gdynia Port area safety function coordinates
The expected values and standard deviations of the ferry technical system operating at the Gdynia Port area lifetimes in the safety state subsets calculated from the results given by (16)-(18), according to the formulae (15)-(16) from [6] , are (in parenthesis are expected values and standard deviations of the ferry system lifetimes without considering climate-weather impact):
The graphs of the intensities of ageing of the maritime ferry system with consideration climate-weather impact calculated using (21)-(22) from [6] are shown in Figure 8 and the graphs of the coefficients of the climate-weather impact on the maritime ferry system calculated using (23)-(24) from [6] are shown in Figure 9 .
The coefficients of the climate-weather impact on the maritime ferry without considering variability in time, according to (26) from [6] , 
Conclusions
The predicted safety characteristics of the piping subsystem operating at underwater Baltic Sea area and the ferry technical system operating at the Gdynia Port area at the variable climate-weather conditions are different from those determined for those systems operating at constant conditions without considering climate-weather influence [3] . This fact justifies the reasonableness of considering real systems' safety under the influence of the variable climate-weather conditions. This approach makes the safety prediction of critical infrastructures much more precise through including natural hazards.
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